An 84-year-old woman suffered from post-menopausal genital bleeding for 3 months. Based on the endometrial cytological findings (suggestive of high grade neuroendocrine carcinoma) showing that there were rosette-like and cord-like structures consisting of small rounded tumor cells with oval nuclei and scanty cytoplasm, radical hysterectomy was performed. Histopathological and immunohistochemical examinations on the operated specimens revealed primary high grade neuroendocrine carcinoma of the endometrium. Despite the extensive treatment against the malignancy, the patient died due to widespread metastases after 5 months after the surgery and autopsied.
Introduction
High grade neuroendocrine carcinoma (HGNEC) is a well-known aggressive epithelial malignancy that occurs predominantly in the lung. HGNEC also occurs in the female genital tract, most commonly in the cervix [1] - [3] . However, primary HGNEC of the endometrium is quite rare [1] - [3] . Based on the cases reported, the mean age at diagnosis is 59 years (range 23 -87 years) [1] . No risk factors for endometrial HGNEC have been identified so far. Abnormal vaginal bleeding is the most frequent presenting symptom. In some patients, however, the presentation of endometrial HGNEC was related to symptomatic metastases [4] , paraneoplastic syndromes such as retinopathy [5] , or to Cushing syndrome due to ectopic ACTH production [6] .
Although histopathologic and cytologic features of HGNEC developed in a variety of tissues including lung were well-documented, only a few cases of primary endometrial HGNEC were documented. Here we report a case of primary HGNEC of the endometrium with cytological, histopathological and immunohistochemical features. Pathogenesis of this rare malignancy was also discussed.
Case Presentation
On March 27, 2012, an 84-year-old Japanese woman suffering from post-menopausal bleeding presented our hospital for diagnosis and care. She received an anti-coagulant Warfarin because of brain infarction and atrial fibrillation as her past history. At presentation, physical examination and the results of routine serum biochemistry did not show any abnormalities except for abnormal vaginal bleeding. Although cervical and endometrial cytology was negative at admission, MRI (Figure 1 ) and ultrasound examinations revealed a large tumor (5.0 × 4.7 × 3.2 cm) in the posterior wall of her uterus. Subsequent re-examination of endometrial cytology and biopsy revealed HGNEC of the uterus. There were no abnormalities in other organs including lung.
On the cytologic specimens from endometrium, we observed that there were many small round tumor cells possessing round and oval nuclei with coarse chromatin and inconspicuous nucleoli (Figure 2(a) ). They have scanty cytoplasm. Rosette-like and cord-like structures of tumor cells were also noted (Figure 2(b) ). These findings showed characteristics of HGNEC developed in the endometrium. Histopathology (Figure 3(a) and Figure 3(b) ) of the biopsy specimens confirmed the cytological diagnosis.
Immediately after the cytological diagnosis of endometrial HGNEC, she underwent surgical therapy, including radical hysterectomy, bilateral salpingo-oophorectomy and pelvic lymphadenectomy. Macroscopic examination of the resected uterus revealed a bulky exophytic and hemorrhagic mass (13 × 9.5 cm) that infiltrated more than half of myometrial wall and uterine cervix (Figure 4 ). Pelvic washing cytology was negative for invasive carcinoma cells. The post-operative stage was clinically defined as stage II. There was no evidence of distant metastases at this time. Histopathological examination using hematoxylin and stain of the endometrial tumor revealed dissociated atypical small tumor cells ( Figure 5(a) ). Morphologically and structurally, small cell component suggested neuroendocrine features. The tumor cells had round and monomorphic nuclei ( Figure 5(b) ). Round tumor cells with scanty cytoplasm were mostly small, but a few intermediate in size. Immunohistochemical investigation using an autostaining system (VENTANA) provided strong evidence for the neuroendocrine (Figure 6(b) ), but were negative for chromogranin A, CD10, carcinoembryonic antigen, CK7, CK20, estrogen receptor, and progesterone receptor. The proliferation rate estimated by immunoreactivity against the MIB-1 (Ki-67) antibody was nearly 70% (Figure 6(c) ). In addition, a few of non-tumorous endometrial gland cells are positive for CD56 (Figure 6(d) ). Following the final pathologic review, a pT2, poorly differentiated HGNEC of the endometrium was identified.
No further treatments were performed, according to the patient's intention. However, two months after the operation, recurrence in the vagina stump was noticed. Although radiation therapy with a total dose of 50 Gy reduced the size of the recurrent vaginal tumor, metastases of para-aortic lymph nodes were found by the CT examination. The patient died five months after the operation due to wide-spread of metastases, and autopsy was performed. Our autopsy findings confirmed a disseminated endometrial small endocrine cell carcinoma with strong infiltration and wide-spread of cancer cells in a variety of tissues, including omentum, small bowel mesentery, the sigmoid colon, lung, liver and lymph nodes (para-aortic, common iliac artery, tracheal bifurcation and mediastinum).
Discussion
The most common site of developing HGNEC is the lung, although less frequently, it can also occur in a variety of sites including the gastrointestinal tract. Extra-pulmonary HGNEC comprises less than 4% of all HGNECs. The rare occurrence of HGNEC in the genital organs is known, and most of the cases were developed in the uterine cervix and ovary [1] - [3] . Primary endometrial HGNEC is an extremely rare [1] - [3] , accounting for approximately 0.8% of all endometrial carcinomas [7] . Approximately 80 cases of endometrial HGNEC have been reported in the English-language literature [1] .
This tumor has a high propensity for systemic spread and poor prognosis. Therefore, endometrial HGNEC is frequently diagnosed at an advanced stage and has a poor prognosis [1] . As noted in this case, the most common presenting sign of HGNEC is definitely a peri-or post-menopausal vaginal bleeding, although the occurrence of tongue base bleeding was reported as the first manifestation of disseminated HGNEC [8] . Our case (84-year-old) was much older than the mean age (59 years) at diagnosis of endometrial HGNEC, but her symptom was similar to that reported previously. Our case did not present paraneoplastic or Cushing syndrome [5] [6] .
Endometrial cytological examination is a useful and minimally-invasive tool for detecting endometrial malignancies [9] , including HGNEC, as reported here. Due to the rarity of HGNEC, only two cytological reports of endometrial HGNEC have been documented in the English literature [10] [11] .
Extra-pulmonary HGNECs share histopathological and immunohistochemical features with their pulmonary counterpart. According to the latest WHO classification [12] , endometrial HGNEC is defined as "an endometrial carcinoma resembling small cell lung cancer". The diagnostic criteria of endometrial HGNEC defined by van Hoeven et al. [13] include a dense sheet-like growth of small to intermediate tumor cells with at least one positive neuroendocrine marker and unequivocal evidence of its endometrial origin. It is not unusual to observe a component of HGNEC associated with other uterine malignancies, including endometrioid adenocarcinoma, serous adenocarcinoma and carcinosarcoma [13] [14] . Positive rate of immunohistochemical expression of neuroendocrine markers of neuron-specific enolase (85%), chromogranin A (46%), synaptophysin (56%), Leu-7 (80%) and CD56 (100%) was reported in endometrial HGNEC [13] [15] . Expression of broad-spectrum cytokeratins is usually present [14] . To make final diagnosis of primary endometrial HGNEC, we should confirm the differential diagnosis, such as HGNEC metastatic to the endometrium, particularly spread from the cervix, and other endometrial carcinomas (carcinosarcomas, stromal sarcomas and primitive neuroectodermal tumors of the uterus), which contain argyrophil cells. Undifferentiated and dedifferentiated endometrioid carcinomas also frequently resemble HGNEC [16] [17] . Detailed examinations of our case, including immunohistochemistry, revealed primary endometrial small endocrine cell carcinoma.
As to the histogenesis of primary endometrial HGNEC, the origin is controversial. It was assumed that this malignancy arises from neuroendocrine cells in the Amine Precursor Up-take and Decarboxylation (APUD) system [18] [19] . The presence of argyrophil cells in normal endometrial glands [20] strengthens the hypothesis. Indeed, a few of non-neoplastic endometrial gland cells are positive for CD56. However, to date, it is thought that the origin of endometrial HGNEC is either a totipotent stem cell capable of differentiating into a variety of cell types, or that components of HGNEC arise as a late-stage phenomenon in the genetic progression of carcinomas [18] . In a recent study on massively parallel sequencing of small-cell lung cancer, one patient had a lung adenocarcinoma resected three years before the diagnosis with endometrial HGNEC. Interestingly, the authors found the same TP53 mutation in both tumors, while the RB1 mutation was restricted to the small cell component [21] . This suggests possible trans-differentiation of adenocarcinoma cells to HGNEC cells.
